C HRONIC intravascular hemolysis follow- ing the replacement of diseased heart valves by prosthetic devices has been previously reported.'-8 In a few cases uncontrolled hemolytic anemia has necessitated removal of the prosthesis and replacement by another valve.3 5 There are only a few reports concerned with hemolysis following homograft9 and heterograft7, 10 valve replacements, and none following fascia lata grafts.
In recent years fascia lata grafts have been
Haptoglobins
Regurgitant valves used to replace heart valves." -14 The present work was undertaken to study the incidence of hemolysis and the factors involved in its production in patients with aortic valve replacement with mounted fascia lata grafts as compared to similar studies following the use of prostheses.
Methods Data were obtained from 62 patients with aortic valve replacement, who agreed to participate in this study. Twenty-seven patients had StarrEdwards prostheses (group I), and 35 had frame-mounted fascia lata grafts (group II). Two patients in group II had had concomitant mitral valve surgery; one of them had open mitral valvotomy and the other mitral valve repair. This study was carried out 2i% to 612 years following operation on group I and 3 months to 212 years postoperatively on group II. A minimum interval of 3 months between the operation and the time of study was decided upon to avoid the effect of immediate postoperative changes in red cell Circulation, Volume XLVI, August 1972 survival due to operative trauma and blood transfusion. The age distribution of the patients in both groups was essentially similar and ranged from 18 to 63 years, the average being 47.3 years in group I and 46.6 years in group II.
In group I, 15 patients had small StarrEdwards prostheses (no. 8, 9, or 10) while 12 had "large" protheses (no. 11 or 12). Twenty-one had the silastic ball type while six had the composite seat prosthesis.
In group II, 14 patients had small fascial grafts (internal diameter, 18 or 20 mm) and 21 had large grafts (internal diameter, 22 or 24 mm). Twelve had fresh autologous and 23 had preserved homologous fascia lata grafts.
Six patients in group I and seven in group II had aortic diastolic murmurs and were considered to have aortic regurgitation. This, however, does not reflect the true incidence of aortic incompetence in a larger number of patients operated upon. Patients with aortic diastolic murmurs were particularly asked to participate in this study. Detailed clinical and hemodynamic results are being reported separately. In each group data on the patients with and without regurgitation have been compared.
The presence and the degree of hemolysis were evaluated from the laboratory studies performed without the knowledge of the identity or clinical status of the patient. Hemoglobin and hematocrit were deteimined on a Coulter counter (model S); reticulocyte count, Coombs' test, and detection of urinary hemosiderin were performed according to the methods of Dacie and Lewis.1' The enumeration of red cell fragments was performed on a well-spread film stained with May-GrunwaldGiemsa's stain, and the statistical basis of the count was similar to that of the reticulocyte count. Haptoglobin electrophoresis was carried out on the Gelman Sepra tek system with tris-EDTA-borate buffer pH 9.1. Total serum bilirubin was determined on an autoanalyzer by the method of Simmons16 and plasma lactic dehydrogenase by the method of Wootton. 17 prostheses due to intractable chronic hemolysis. One of them had a perivalvular leak, and in the other the cloth covering of the struts of the prosthesis was fragmented and contained fibrinous deposits. None of the patients in group II (with fascial grafts) had sufficient evidence of chronic hemolysis to warrant specific treatment.
Laboratory Findings
The diagnosis of hemolysis was based on the assessment of several parameters. Unrelated causes of anemia were excluded by other clinical and laboratory investigations.
Low hemoglobin and hematocrit levels mav be directly related to intravascular hemolvsis and to iron deficiency resulting from the hemosiderinuria complicatinig this disorder. Urinary hemosiderin is only founid wheni the plasma haptoglobin level is totally depeted by the hemolytic process and free hemoglobini is filtered through the glomeruli.l'" "' The haptoglobin levels have been measured in this series as an iindex of the degree of hemolysis, aind further discussioni of their significance will follow.
Other indices of hemolv,sis inicluide the reticulocyte counlt as a meaiasure of bonemarrow regeneration and the plasmiia level of lactic dehydrogeinase whiclh is considered the most sensitive in(dex of all aid hls been shlowni to have a close correlation witlh the red cell survival in a similar study. red cell fragments was the most objective evidence of direct trauma to the red cells.
Hemoglobin and Hematocrit
Five patients in each group had hemoglobin and hematocrit levels below normal (table 2) . Of these, four in group I and two in group II had nonregurgitant valves. In group I the values were essentially similar in patients with and without regurgitation, while in group II they were significantly lower in patients with regurgitation as compared to those without regurgitation (table 3 and fig. 1 The mean values for LDH were higher in patients with regurgitant compared to those with nonregurgitant valves in both groups (table 3 and fig. 3, top) . The LDH values were lowest in the patients with nonregurgitant fascia lata valves. In group I the difference between the regurgitant and nonregurgitant valves was not statistically significant while in group II it was statistically significant. The values of LDH in nonregurgitant patients in group I were significantly higher thRn those in group II (table 3 and fig.   3 , top).
Plasma Haptoglobins
Plasma haptoglobins were generally low in both groups. In group I they were either absent or below 25 mg/ 100 ml in 24 patients and between 25 and 50 mg in three NON -REG. A positive direct Coombs' test has been reported on patients after heart valve replacement. 4 In patients with Starr-Edwards prostheses, hemolysis occurs even in the absence of regurgitation as shown in this and other reports.4'5 7' 9 Sometimes the prosthetic valves may have to be removed and replaced because of intractable hemolysis.3 5 This happened in two of our patients: at reoperation a perivalvular leak was found in one and in the other the cloth covering the prosthesis had worn off and contained fibrinous deposits. It is possible that a high-velocity jet through a small perivalvular leak is more damaging to red cells than a larger reflux.
It has been suggested that turbulent flow is an important factor causing red cell damage.4 as 7' 9 Our results support this view inasmuch as hemolysis was associated with the small Starr-Edwards valves more often than with the larger ones in the absence of regurgitation.
Since the central flow characteristics of normal aortic valves, aortic homografts, and fascia lata grafts are similar, they behave similarly in respect of hemolysis.
Low serum iron values in patients with
Starr-Edwards prostheses probably reflect the depletion of iron due to urinary losses as a result of chronic hemolysis. The serum iron values were significantly lower in patients with Starr-Edwards prostheses than in patients with fascia lata valves.
The most direct evidence of injury to the red cells apparently is the finding of fragmented red cells in blood smears. The presence of one or more fragmented red cell per 100 normal cells seems to be significant evidence of intravascular red cell destruction. In the fascia lata group only six patients showed 1% or more red cell fragmentation. Three of them had regurgitant valves, and one developed an aortic diastolic murmur subsequently. It is possible that this patient had clinically undetectable regurgitation, at the time of the investigation. The other two patients had 
